Introduction
High-risk premature infants have a unique set of medical problems after discharge from the Neonatal Intensive Care Unit (NICU). Increasing numbers of infants are being discharged to home on oxygen, apnea monitors, high-calorie formulas, nasogastric and gastrostomy feeding tubes. Dedicated high-risk infant follow-up programs have the potential to provide specialized multidisciplinary care for these infants. They can facilitate continuity of clinical care, provide anticipatory guidance and make referrals to early intervention programs. They can also create opportunities for outcomes research 1 and education of health care trainees. High-risk infant follow-up programs have become more critical with the progressively improving survival of premature infants. 2 The American Academy of Pediatrics has recently emphasized the importance of enrolling high-risk premature infants into multidisciplinary follow-up programs. 3 A workshop on high-risk infant follow-up care, co-sponsored by the National Institute of Child Health and Human Development, has provided guidelines on such care, 4 but we know little about how these guidelines are implemented in practice.
Currently, there are no nationally representative data on the composition of high-risk infant follow-up care programs in the United States. We hypothesized that there is much diversity in structure and organization of these programs nationwide. We also hypothesized that even though a large share of existing neonatal outcome research has been published from the National Institute of Child Health and Human Development Neonatal Research Network, many other centers have the availability of similar data, which could potentially be used to form a nationally representative, multicenter, high-risk infant follow-up care network. To address these issues, we conducted a national survey of the high-risk infant followup programs associated with academic NICUs in the United States.
Methods

Survey design
We designed an anonymous online survey, which included 25 questions divided into the following broad categories: (1) demographics of the NICU, (2) demographics of the follow-up programs, (3) structure and organization of the follow-up programs including personnel, services, trainees and funding sources, (4) neurodevelopmental assessment practices and (5) barriers to establishment of follow-up programs. The survey was developed and distributed through an online portal (www.surveymonkey.com) and conducted during a 14-week period between October 2009 and January 2010. The survey was exempted from the human subject's research by the Institutional Review Board at the Cincinnati Children's Hospital Medical Center.
Survey population
As there is no central registry of high-risk infant follow-up programs in the United States, we sent the survey to NICUs associated with pediatric residency programs. There are 194 pediatric residency programs in the United States, according to the 'Fellowship and Residency Electronic Interactive Database', an online data base of residency and fellowship training programs maintained by the American Medical Association.
Among the 194 pediatric residency programs, 97 have a neonatology fellowship program. Contact details, including e-mail addresses of the division directors, medical directors of the NICUs and follow-up clinic directors are listed in the Online Directory of the Neonatal-Perinatal Fellowship Program Directors. For these NICUs, we sent one e-mail invitation each to the NICU medical director and follow-up program director at the beginning of the survey period. The NICU medical director was requested to forward the survey to the follow-up program director. We sent a reminder e-mail to the follow-up program directors, 10 days before closure of the survey.
The remaining 97 pediatric residency programs do not have an associated neonatology fellowship program. We successfully contacted 73 of these NICUs by phone and obtained the e-mail address of the neonatologist on staff. These NICUs received an initial e-mail about the survey and a reminder e-mail, 10 days before the closure of the survey. The remaining 24 NICUs could not be contacted, despite repeated attempts.
Statistical analysis
Frequencies and relative frequencies were used to describe survey responses. The w 2 -test was used to test for association between presence of neonatology fellows and availability of other personnel in the follow-up program, length of follow-up and availability of neurodevelopmental assessments. Statistical tests were assessed at an a-level of 0.05. SAS version 9.2 (SAS Institute, Cary, NC, USA) was used to perform analyses.
Results
Response rate
Among the 194 NICUs associated with pediatric residency programs, we e-mailed the survey to 170 neonatologists. Of these, 143 (84%) responded to the survey. All the respondents did not answer every question. The number of respondents and response frequencies to each question are reported at the respective query.
Demographics of the survey NICUs
More than 70% (n ¼ 101) of the responding NICUs have more than 40 beds. More than 80% (n ¼ 113) had more than 500 admissions in the year 2008. Eighty six percent (n ¼ 120) belong to the Vermont Oxford Network. Birth weight (n ¼ 115, 89%), gestational age (n ¼ 104, 81%), critical illness during the NICU stay (n ¼ 106, 83%) and referral from other health care provider (n ¼ 89, 69%) were the most commonly reported criteria for follow up. Almost all (n ¼ 121, 99%) of the participants reported that they make referrals to the local early intervention programs as needed. Table 1 shows the demographics of the follow-up programs as reported by the survey responders.
Demographics of the follow-up programs
Structure and organization of the follow-up programs Personnel available. Personnel available in the follow-up programs are shown in Figure 1 . Follow-up programs with an associated neonatology fellowship were significantly more likely to have nutritionists (89.7 vs 68.6%, P ¼ 0.004), case managers (90.8 vs 57.1%, P<0.001) and research coordinators (69 vs 32.4%, P ¼ 0.001), but less likely to have registered nurses available (72.4 vs 91.4%, P ¼ 0.02), compared with the programs without an associated neonatology fellowship.
Services available. Greater than 90% of the programs reported measuring growth, neurological status and neurodevelopment in their clinics. Other services available are shown in Table 2 .
National high-risk infant follow-up care survey VS Kuppala et al Education of health care trainees. Neonatology fellows and pediatric residents are the most commonly reported trainees present in the follow-up programs. Other healthcare professional trainees are shown in Table 3 .
Funding sources. Patient insurance is the most common funding source (n ¼ 97, 81%) reported. However, only 18.5% of programs reported patient insurance as their only source of funding. The majority of programs reported utilizing multiple sources of funding to provide services to their patient populations. Table 4 shows various funding sources reported.
Outcome research data. More than 97% (n ¼ 119) of the survey participants reported to offer formal neurodevelopmental assessment by a trained examiner. The first 6 months of life is the most common age (n ¼ 74, 61%) at which the neurodevelopmental assessment was performed, followed by 19-24 months of corrected age (n ¼ 67, 55%). The Bayley Scales of Infant and Toddler Development III (n ¼ 72, 60%) and unspecified motor assessment (n ¼ 72, 60%) were the most common neurodevelopmental assessments performed, followed by language assessment (n ¼ 60, 50%) and behavior assessment (n ¼ 43, 36%). Bayley Scales of Infant Development II and Denver Developmental Screening test were reported to be used by 27% (n ¼ 32) of programs.
Seventy six percent (n ¼ 93) of the participants who perform neurodevelopmental assessment have the outcome data available and 90% (n ¼ 83) of them expressed willingness to include their data in a potential future premature infant follow-up care data bank.
Barriers to establishment of premature infant follow-up programs. Only 7% (n ¼ 10) of the participants reported lack of a follow-up program associated with the NICU. Lack of qualified personnel (n ¼ 7, 70%) and lack of financial resources (n ¼ 6, 60%) were the most common reasons reported for not having a follow-up program. All the respondents who do not have a followup clinic reported that the community pediatricians follow their high-risk infants post-NICU discharge.
Discussion
This survey of high-risk infant follow-up programs associated with academic centers is, to our knowledge, the first of its kind to be completed in the United States. There are several key findings from our survey that can help guide trainee education, neonatal outcomes research and policy making.
First, many follow-up programs reported to provide educational experience to pediatric residents and medical students, in addition to neonatology fellows. It is a welcome trend, as a significant proportion of premature infants are cared for by community pediatricians after NICU discharge. Premature infants often require coordination of multidisciplinary care after discharge from the NICU. 5 In a recent survey of 681 general pediatricians, 1 to 5 years after completion of residency training, 48% reported that they could have benefited from additional training in developmental and behavioral pediatrics, and 18% reported need of additional training in coordination of care of complex illnesses. 6 In addition, a recent Institute of Medicine report on improving healthcare quality identified 'care coordination' and 'children with special health care needs' among the priority areas of focus in transforming the quality of healthcare. 7 Incorporating high-risk infant follow-up care training in pediatric residency curriculum may be useful in addressing these issues at least to some extent. At present, most of the published neonatal outcome data is contributed from the Neonatal Research Network centers, a collaboration of 16 neonatology programs that follow NICU graduates to at least 18-months corrected age. As the Neonatal Research Network centers adhere to a uniform follow-up criteria and methodology, the outcome data published from these centers may be of high quality, but it may not accurately reflect the crosssectional neonatal outcomes, as such centers are very few in number. Our survey indicates that many of the academic follow-up programs have neurodevelopmental outcome data available and Abbreviations: OT, occupational therapy; PT, physical therapy. the majority of them expressed interest in contributing their data towards a potential national database. Adding data from other centers could make it much more diverse and best equipped to reflect the true neonatal practices across the United States. This could be achieved by creating an exclusive high-risk infant followup network, similar to the Canadian Neonatal Follow-up Network, or by including follow-up data in existing multicenter networks like the Vermont Oxford Network. There is much diversity in the type of neurodevelopmental assessments performed across the country as shown by our survey. The neurodevelopmental assessment practices need to be standardized before this monumental task is undertaken. Finally, our survey provides insight into the funding sources for existing follow-up programs, which has been a major obstacle in maintaining follow-up programs. The majority of the survey respondents reported their reliance on multiple funding sources. As Lantos 8 described in his experience as an administrator at an academic institute, high-risk infant follow-up programs are seen as unprofitable to the hospital with poor reimbursement rates from insurance companies. This was also proved by Berman et al. 9 when they reported that the hospital lost $1556 per child per year for outpatient services when children with multisystem disorders were seen in a special primary care clinic. This loss was partially offset by a gain of $598 per child in the inpatient services. However, they have also shown that the average length of stay in the nonintensive care units was significantly decreased from 11.7 days before enrollment in the clinic to 4.8 days after enrollment in the clinic.
Prematurity imposes a huge economic burden on the healthcare industry. 10 In addition to the high initial NICU costs, 11, 12 preterm infants have higher rates of acute care visits and re-hospitalizations in the first year of life, compared with term infants. 13 Structured post-NICU discharge follow-up care can substantially save net healthcare costs by safely facilitating earlier discharge from the NICU [14] [15] [16] and decreasing the incidence of lifethreatening illnesses and intensive care admissions in first year of life. 17 Follow-up clinics may not be directly profitable to the hospitals, but they help in substantially lowering the total healthcare costs related to prematurity. As the preterm and low birth weight rates continue to rise 18 and the survival rates of highrisk infants continues to improve, robust high-risk infant follow-up care programs become vital in decreasing the burden of prematurity-related healthcare costs.
Even though the current survey provides valuable information about premature infant follow-up programs nationwide, it is associated with several limitations. The data may not be truly representative of national data as the NICUs, which were not associated with pediatric residency programs, were not included in the survey. This survey was designed to be user friendly to prevent the low response rate typically associated with surveys. Several questions in the survey were framed such that the respondents did not have to review their records to supply answers. We believe this strategy has enhanced the response rate, but it may have compromised the accuracy of the responses from recall bias. This survey has not collected, in depth, the data about age-specific neurodevelopmental scales that were used. Finally, as only 7% of the participants do not have a follow-up program, reasons for not having such a program may not be truly representative of a national sample.
Conclusion
Even though there are some variations in the structure and organization, high-risk infant follow-up programs associated with academic centers in the United States are overall providing multidisciplinary care for high-risk infants. Several centers have the outcome data available and showed willingness to participate in a nationally representative network. However, many programs rely on multiple funding sources for sustenance. Strengthening the high-risk infant follow-up programs may help in reducing the prematurity-related healthcare costs by allowing safe and early discharge of these infants from NICU.
